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INTEGRATED RELEASED BEAM LAYER STRUCTURE FABRICATED IN 
TRENCHES AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present disclosure relates generally to a semiconductor released 

beam device, and in particular but not exclusively, relates to a semiconductor 
released beam device fabricated in trenches. 

Description of the Related Art 

Micro-electromechanical systems (MEMS) in semiconductors have 

10 arisen for various applications to sense temperature, pressure, strain, acceleration, 
rotation, chemical properties of liquids and gases, etc. Those MEMS structures 
are usually combined with other integrated circuits, such as metal oxide 
semiconductor (MOS) circuits or complimentary metal oxide semiconductor 
(CMOS) circuits, for analyzing and calculating the parameters sensed by MEMS. 

15 Therefore, the MEMS manufacturing processes are required to be compatible with 
the existing MOS or CMOS manufacturing processes such that the whole system 
is inexpensive, reliable, and compact. 

Different MEMS structures in semiconductors have been proposed 
and developed for such various sensing purposes. For example, a released beam 

20 sensor was proposed in U.S. Patent No. 5,917,226 for detecting temperature 
variation and an integrated released beam oscillator was proposed in U.S. Patent 
No. 6,278,337. A similar released beam sensor was also proposed in U.S. Patent 
No. 6,218,209 ('209 patent) for detecting acceleration and could be applied in 
airbag, anti-lock braking, or ride suspension systems for automobiles or in-flight 

25 aircraft monitoring systems. 



The process sequence shown in the '209 patent includes the step of 
forming a sacrificial layer of material such as silicon dioxide above and in contact 
with a layer of material that serves as both an etch stop layer and a fixed contact 
layer, as shown in Figure 1 of '209 patent. The layer of material that the released 
5 beam in formed from is located above and in contact with the sacrificial layer. The 
removal of the sacrificial layer in selected regions after the released beam material 
is patterned produced the structures that are used in sensor applications. 

However, the released beam structure proposed in '209 patent could 
only detect the acceleration force in only one direction which is perpendicular to 
10 the surface of the substrate. Furthermore, even there is an etch stop layer under 
the sacrificial layer, there is no etch stop layer around the sides of the sacrificial 
layer and therefore it is difficult to control the etch process in the lateral direction 
when there are several released beam structures manufactured at the same time. 



BRIEF SUMMARY OF THE INVENTION 

15 According to principles of the present invention, an alternate released 

beam structure and an associated process sequence are proposed. One 
embodiment of a released beam structure according to the present invention 
comprises a semiconductor substrate, a trench, a first conducting layer, and a 
beam. The trench extends into the semiconductor substrate and has walls. The 

20 first conducting layer is positioned over the walls of the trench at selected 
locations. The beam is positioned within the trench and is connected at a first 
portion thereof to the semiconductor substrate and movable at a second portion 
thereof. The second portion of the beam is spaced from the walls of the trench by 
a selected distance. Therefore, the beam is free to move about any plane 

25 perpendicular to the surface in a plane that is parallel to the surface of the 

substrate. Other beam structures such as a beam held at both ends, or a beam 
held in the middle are also possible. 
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According to one embodiment of the present invention, the direction 
of the beam can be at any selected orientation, and several beams at different 
angles can be fabricated simultaneously. Moreover, according to the present 
invention, mechanical etching stops are automatically formed around the beam, 
5 preventing unwanted overstress conditions. 

Also, according to one embodiment of the present invention, the 
width of the beam can be varied along its length from a set maximum value, since 
the width of the beam is controlled by the trench width, which is a variable with a 
value that can be chosen. Furthermore, different beams having different width, 
10 different length or different thickness can be fabricated simultaneously to allow 
different sensing purposes. 

According to one embodiment of the present invention, the 
manufacturing process of the beam structure is compatible with the existing MOS 
or CMOS manufacturing processes, and the manufacturing process shown in '209 
15 patent. Therefore, the beam structures of the present invention can be 

simultaneously fabricated with the beam structures mentioned in the '209 patent, 
allowing the fabrication of sensors having three sensing orthogonal axes. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
Non-limiting and non-exhaustive embodiments of the present 
20 invention are described with reference to the following figures, wherein like 
reference numerals refer to like parts throughout the various views unless 
otherwise specified. 

Figure 1 is an isometric view of one embodiment of beam structure 
according to the present invention, wherein the beam structure is a cantilever 
25 beam in this embodiment. 

Figure 2A is the top view of the embodiment of beam structure shown 

in Figure 1 . 
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Figure 2B is the cross-section view of the beam structure from line 
2B-2B shown in Figure 2A. 

Figure 2C is the cross-section view of the beam structure from line 
2C-2C shown in Figure 2A. 
5 Figure 2D is the cross-section view of the beam structure from line 

2D-2D shown in Figure 2A. 

Figure 3A is a schematic cross-sectional view of an initial trench 
formed in a semiconductor substrate. 

Figure 3B is a schematic cross-sectional view of a first conducting 
10 layer and a sacrificial layer positioned on the initial trench. 

Figure 3C is a schematic cross-sectional view showing a beam 
positioned on the sacrificial layer and a second dielectric layer positioned on the 
beam. 

Figure 3D is a schematic cross-sectional view showing a mask layer 
1 5 positioned on the second dielectric layer. 

Figure 3E is a schematic cross-sectional view showing the beam 
structure according to the present invention after etching portion of the sacrificial 
layer at the same location as Figure 2C. 

Figure 4 is a schematic cross-sectional view of another embodiment 
20 of the present invention, wherein the beam could be deflected to electrically 
contact with the bottom wall of the trench. 

Figure 5A is a top view of another embodiment of the present 
invention, wherein both ends of the beam are connected to the substrate and the 
center portion of the beam is movable. 
25 Figure 5B is a schematic diagram of another embodiment of the 

present invention, wherein the center portion of the beam is connected to the 
substrate and both ends of the beam are movable. 
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Figure 5C is a schematic diagram of another embodiment of the 
present invention, wherein the width of the beam is gradually reduced along the 
length. 

Figure 6 is a schematic diagram of another embodiment of the 
5 present invention comprising two beam structures, wherein a first trench with a first 
beam extends in a first direction and a second trench with a second beam extends 
in a second direction, and the dimension of the first beam is different from that of 
the second beam. 

Figure 7 is a schematic diagram of another embodiment of the 
10 present invention comprising two beam structures, wherein a first trench extends in 
a first direction and a second trench extends in a second direction, and the first 
direction is perpendicular to the second direction. 

Figure 8A is a schematic diagram of another embodiment of the 
present invention, wherein there are a plurality of beams positioned in radial 
15 arrangement having a common radius from a common point. 

Figure 8B is a schematic diagram of another embodiment of the 
present invention, wherein there are a plurality of beams positioned in circle 
arrangement having a common radius from a common point. 

Figure 9A is a schematic diagram of an integrated circuit according to 
20 an embodiment of the present invention. 

Figure 9B is a schematic cross-section view of the integrated circuit 
from the line 9B-9B in Figure 9A. 

Figure 10 is an isometric view of a released beam structure 
according to U.S. Patent No. 6,21 8,209. 



25 DETAILED DESCRIPTION 

The present invention will now be described more fully hereinafter 
with reference to the accompanying drawings, which illustrate preferred 
embodiments of the invention. This invention, however, may be embodied in many 
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different forms and should not be construed as limited to the illustrated 
embodiments set forth herein. Rather, these illustrated embodiments are provided 
so that this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. 
5 Figures 1-2D show one embodiment of released beam structure 

according to the present invention. Figure 1 is an isometric view of an 
embodiment of beam structure of the present invention, wherein the released 
beam structure is a cantilever beam in this embodiment. As shown in Figure 1, a 
trench 18 extends into a semiconductor substrate 20 and has a first conducting 

1 0 layer 24 positioned over the walls of the trench at selected locations. A beam 28 is 
positioned with the trench, and the beam 28 is connected at one end thereof to the 
substrate and is movable at the other end thereof. The movable end of the beam 
28 is spaced from the walls of the trench 18 by a selected distance. The beam 28 
comprises a second conducting layer 281 and a beam material layer 282. A 

15 second dielectric layer 32 is positioned on portion of the beam material layer 282. 
A remaining sacrificial layer 26 is between the connected end of the beam 28 and 
the first conducting layer 24. 

Figure 2A is the top view of the embodiment of beam structure shown 
in Figure 1 , and Figure 2B is the cross-section view of the beam structure from line 

20 2B-2B shown in Figure 2A. As shown in Figure 2B, the remaining sacrificial layer 
26 is between the connected end of the beam 28 and the first conducting layer 24. 
In one embodiment, a first dielectric layer 22 is positioned between the 
semiconductor substrate 20 and the first conducting layer 24. The second 
dielectric layer 32 is positioned on the top of the beam material layer 282. 

25 Referring to Figure 2C, which is the cross-section view of the beam 

structure from line 2C-2C shown in Figure 2A, the beam 28 is positioned with the 
trench 18 and the movable end of the beam 28 is spaced from the walls of trench 
18 by a selected distance. When there is a predetermined acceleration force 
applied to the released beam structure of the present invention in the lateral 
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direction shown by the arrows in Figure 2C, the beam 28 will be deflected to 
electrically contact with the first conducting layer 24 on the sidewalls of the trench 
18. Therefore, the predetermined acceleration force could be detected by sensing 
the electrical contact between the beam 28 and the first conducting layer 24. To 
5 detect such electrical contact signal, the appropriate sensing circuit is connected to 
the beam structure. A first window 36 in the second dielectric layer 32 permits 
contact to the beam material layer 282 and a second window 38 in the remaining 
sacrificial layer permits contact to the first conducting layer 24. In Figure 2D, the 
first conducting layer 24 and the second conducting layer 281 are separate by the 

10 remaining sacrificial layer 26. However, when the beam 28 is deflected to 

electrically contact with the walls of the trench, such contact could be detected by a 
sensing circuit through the first window 36 and the second window 38. 

Figures 3A-Figure 3E show the manufacturing process for one 
embodiment of the released beam structure according to the present invention. 

1 5 First, an initial trench 30 is formed in the semiconductor substrate 20, as shown in 
Figure 3A. Thereafter, the first conducting layer 24 and the sacrificial layer 26 are 
formed on the walls of the initial trench 30, as shown in Figure 3B. The first 
conducting layer 24 comprises any acceptable conductor, such as a metal layer of 
tungsten, titanium, tantalum, aluminum, or an additional doped polysilicon layer. 

20 The sacrificial layer 26 comprises an oxide layer, such as a silicon dioxide, and the 
thickness of such sacrificial layer 26 is around 1000-10,000 A. Furthermore, in 
order to prevent signal interference between different beam structures on the 
semiconductor substrate 20, the first dielectric layer 22 could be formed between 
the first conducting layer 24 and the semiconductor substrate 20. The first 

25 dielectric layer 22 could comprise an oxide layer, such as a silicon dioxide, or 
comprise an oxide layer and a silicon nitride layer. The thickness of the first 
dielectric layer 22 is in the range of 200-5000 A. 

After forming the sacrificial layer 26, the beam 28 is deposited on the 
sacrificial layer 26. The beam 28 comprises the second conducting layer 281 and 
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the beam material layer 282, as shown in Figure 3C. The beam material layer 282 
comprises a doped polysilicon layer, and the thickness thereof is around 1000- 
6000 A. Of course, the beam layer 282 can be made of any acceptable material. 
If a heavy beam is desired, the entire beam can be made of metal or some other 
5 heavyweight material. The properties that can be controlled in the manufacturing 
of the beam, include the width of the beam, the distance from the side of the trench 
to the beam, the length of the beam, and the weight of the beam. While in most 
embodiments, the beam layer 282 is a conductor, this is not required. The layer 
281 can be contacted instead to provide the desired signal. 

10 Depending on the desired features to emphasize, in some instances 

the weight of the beam may be carefully controlled to be able to measure certain 
features. For example, the beam may be made quite heavy by using pure metal or, 
on the other hand, it may be made lighter by using polysilicon. Of course, the 
deflection distance which can be reasonably predicted for the various materials will 

15 determine the beam length and the distances, for example, the distance between 
the beam and the sidewall of the trench may be different than for an all-metal 
beam than for a beam made fully of polysilicon or a silicon dioxide. The design of 
these factors can be selected based on the desired end properties of the structure. 

The second conducting layer 281 can be any acceptable conductor, 

20 such as tungsten, titanium, tantalum, aluminum, or polysilicon or a doped beam 
layer itself, such that the beam 28 could provide conductivity when the beam 28 
contacts with the first conducting layer 24. Furthermore, the second dielectric layer 
32 is formed on the beam material layer 282 to act as a protecting layer. The 
second dielectric layer 32 could comprise an oxide layer, such as a silicon dioxide, 

25 or comprise an oxide layer and a silicon nitride layer. Afterward, a portion of 

sacrificial layer is removed so that one end of the beam 28 remains coupled to the 
remaining sacrificial layer 26 and the other end of the beam 28 is movable and 
spaced from the walls by a selected distance. To remove the unwanted portion of 
the sacrificial layer and keep the desired portion, a mask layer 34, such as photo- 



8 



resist, could be first positioned on part of the second dielectric layer 32 to be 
retained before etching the unwanted portion of the sacrificial layer, as shown in 
Figure 3D. Then the unwanted portion of the beam material layer 282 and the 
second conducting layer 281 will be etched by any acceptable method, one of 
5 which is anisotropic etching to reveal the sacrificial layer. Thereafter, the unwanted 
portion of the sacrificial layer 26 will be removed through another etching process. 

According to the present invention, because the first conducting layer 
24 is formed on what will become the walls of the trench, and the conductive layer 
281 is around the beam 282, etch stops are automatically formed around the beam 

10 28, and in the trench preventing unwanted over-etch conditions when 

manufacturing several beam structures at the same time. The conductive layers 
24 and 281 are not etched by the same etch chemistry that etches layer 26. A final 
trench 18 will be formed after the unwanted portion of the sacrificial layer is 
removed, as shown in Figure 3E. 

15 The process shown in Figure3A-Figure3E is compatible with the 

manufacturing process demonstrated in '209 patent, and therefore, the beam 
structures of the present invention can be simultaneously fabricated with the beam 
structures mentioned in the '209 patent, allowing the fabrication of sensors having 
three sensing orthogonal axes. 

20 Figure 4 is a schematic diagram of another embodiment of the 

present invention. By modifying the width and thickness of the trench 18, the width 
and the thickness of the beam 28 could also be changed such that the beam 28 
could be deflected to electrically contact with the bottom wall of the trench 18 when 
an acceleration force is applied in the vertical direction as shown by arrows in 

25 Figure 4. Moreover, rather than to detect the acceleration, if the thermal expansion 
coefficient of the beam material layer 282 is different from that of the second 
conducting layer 281 , in this embodiment of Figure 4 the beam 28 could also be 
deflected to electrically contact with the bottom of the trench 18 in response to a 
predetermined temperature variation from a first temperature to a second 
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temperature. Thus, the beam structure shown in Figure 4 could be used to detect 
the temperature variation. 

Furthermore, rather than to position the remaining sacrificial layer 26 
at one end of the beam 28, the remaining sacrificial layer 26 could be positioned at 
5 both ends of the beam 28 as shown in Figure 5A which is another embodiment of 
the present invention. In such situation, the middle part of the beam 28 could be 
deflected to electrically contact with the sidewalls or the bottom of the trench 18 
when there is an acceleration force or temperature variation applied on such beam 
structure. Of course, another embodiment according the present invention is also 

10 provided wherein the remaining sacrificial layer is positioned at the middle part of 
the beam 28, and both ends of the beam 28 are movable and could be deflected to 
electrically contact with the sidewalls or the bottom of the beam when an 
acceleration force or a temperature variation is applied to the beam structure, as 
shown in Figure 5B. Moreover, according to the present invention, the thickness or 

15 width of the beam 28 can be varied along its length, from a set maximum value, 
since the thickness or the width of the released beam is related to thickness or the 
width of the trench, which is a variable with a value that can be chosen during the 
manufacturing process. For example, as another embodiment shown in Figure 
5C, the width of the beam 28 varies along its length, and the width of the beam is 

20 controlled by the width of the trench 1 8 which also varies along its length. 

The present invention also provides a semiconductor structure 
comprising a plurality of beam structures having a location or shape different from 
each other. For example, Figure 6 is a schematic diagram of another embodiment 
of the present invention, wherein there are a first trench 118 with a first beam 128 

25 extending in a first direction D1 and a second trench 218 with a second beam 228 
extending in a second direction D2 in this embodiment. The first direction D1 
could be different from, or parallel to the second direction D2. For example, when 
the first direction D1 is parallel to the second direction D2, the dimension of the 
first beam 128 could be different from that of the second beam 228 such that the 
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semiconductor structure could be used to measure or detect different magnitude of 
the acceleration force at the direction perpendicular to the first or the second 
direction. As shown in Figure 6, the length L1 of the first beam 128 is different 
from the length L2 of the second beam 228, and the width W1 of the first beam 
5 128 could also be different from the width W2 of the second beam 228. The length 
and width of each beam could be controlled by the length and width of different 
trench. Therefore, this embodiment could detect at least two different magnitudes 
of the acceleration forces, because different dimension beam could be deflected to 
electrically contact with the walls of the trench in response to different magnitude 

10 acceleration force applied to this semiconductor structure. Also, the width W3 and 
W4 of the trench can be selected to control the sensitivity of the detection. 

When the first direction D1 is different from the second direction D2, 
the semiconductor structure of the present invention could be used to measure or 
detect at least two different directions of acceleration forces each of which is 

15 individually perpendicular to the first direction D1 or to the second direction D2. 
For example, Figure 7 is a schematic diagram of another embodiment of the 
present invention, wherein the first direction D1 is perpendicular to the second 
direction D2. Therefore the first beam 128 could be deflected to contact with the 
walls of the first trench 118 when a predetermined acceleration force is applied in 

20 the D2 direction, and the second beam 228 could be deflected to contact with the 
walls of the second trench 218 when another predetermined acceleration force is 
applied in the DT direction. Of course, according to the present invention, it is also 
possible to combine different direction and different dimension of beam structures 
together. 

25 Besides detecting the linear acceleration force, the present invention 

could also be used to measure angular acceleration force and angular velocity. 
For example, Figure 8A is a schematic diagram of another embodiment of the 
present invention, wherein there are a plurality of beam structures positioned in 
radial arrangement having a first common radius R1 from a first common point P1. 
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Each beam structure has different length of beam varied from L1 to L8. Of course, 
each beam structure could have different width of beam by controlling the width Wt 
of different trench if necessary. When the embodiment of the present invention 
rotates around the first common point P1 , each beam structure could detect 
5 different magnitude of angular acceleration because of the different dimension of 
each beam. Moreover, Figure 8B is a schematic diagram of another embodiment 
of the present invention, wherein there are a plurality of beam structures positioned 
in circle arrangement having a second common radius R2 from a second common 
point P2. The length of each beam varies from L1 to L8, and of course each beam 

1 0 could have different width of beam by controlling the width Wt of different trench. 
Therefore, when the embodiment of the present invention rotates around the 
second common point P2, different beam structure could detect different angular 
velocity by measuring the acceleration force along the radial direction which is 
perpendicular to the direction the beam. 

1 5 Figure 9A is a schematic diagram of an integrated circuit on a 

semiconductor substrate according to an embodiment of the present invention. 
The integrated circuit comprises a sensor 50 and a semiconductor circuit 40. The 
sensor 50 could be the same as the beam structure shown in Figure 2A. The 
semiconductor circuit 40 on the substrate has a first node coupled to the first 

20 conducting layer through the first window 36 and a second node coupled to the 
beam 28 through the second window 38. Therefore, if there is an acceleration 
force or a temperature variation applied on the sensor 50 and the beam 28 
electrically contacts with the walls of the trench 18, the semiconductor circuit 40 
could detect and be in response to such electrical contact. Figure 9B is a 

25 schematic cross-section view of the integrated circuit along line 9B-9B in Figure 9A. 
The semiconductor circuit 40 comprises at least a MOS circuit 41 , as shown in 
Figure 9B. The material of an oxide layer 411 in the MOS circuit 41 could be the 
same as the material of the sacrificial layer 26 in the sensor, and the material of 
the metal layer 412 in the MOS circuit 41 could be the same as the first conducting 
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layer 281 of the beam 28 in the sensor 50. Therefore, the manufacturing of the 
sensor 50 is compatible with the existing process to manufacture MOS or CMOS 
circuits. 

The fabrication sequence that is used to make the trench released 
5 beam structures may also be used to simultaneously make released beam 

structures that are not in a trench. A device which is similar to the structure of the 
released beam device of the '209 patent is shown in Figure 10. The ability to 
simultaneously manufacture released beam structures that are in a trench and 
above a planar surface allows the fabrication of a released beam sensor with 
10 sensing devices that are in three orthogonal directions. Such as sensor may be 
used to monitor the acceleration in any direction. 

As can be seen in Figure 10, a released beam assembly 20 includes 
a substrate 23 and a beam 26. A pedestal 25 supports the structure 29 from which 
the beam 26 extends. Conductive layers on the underside of beam 26 as well as 
1 5 on the upper surface of substrate 23 contact each other when the beam 26 

deflects under acceleration, thus providing an electrical signal which is sensed by 
other circuitry. 

All of the above U.S. patents, U.S. patent application publications, 
U.S. patent applications, foreign patents, foreign patent applications and 

20 non-patent publications referred to in this specification and/or listed in the 
Application Data Sheet, are incorporated herein by reference, in their entirety. 

The above description of illustrated embodiments of the invention, 
including what is described in the Abstract, is not intended to be exhaustive or to 
limit the invention to the precise forms disclosed. While specific embodiments of, 

25 and examples for, the invention are described herein for illustrative purposes, 

various equivalent modifications are possible within the scope of the invention and 
can be made without deviating from the spirit and scope of the invention. These 
and other modifications can be made to the invention in light of the above detailed 
description. The terms used in the following claims should not be construed to 
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limit the invention to the specific embodiments disclosed in the specification and 
the claims. Rather, the scope of the invention is to be determined entirely by the 
following claims, which are to be construed in accordance with established 
doctrines of claim interpretation. 
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